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Anthelmintic  resistance  has  emerged  globally  as  a problem  amongst  nematode  of livestock
and has been  particularly  well  documented  in equine  and  small  ruminants.  There  are no
studies regarding  the  efﬁcacy  of  anthelmintics  against  the hematophagous  nematodes  in
ostriches, Libyostrongylus  dentatus;  and  just  a  few  on  L. douglassii.  Here  the  efﬁcacy  of alben-
dazole, ivermectin  and  moxidectin  were  evaluated  against  these  two  species  in  an  ostrich
farm in  Minas  Gerais  state,  Brazil.  The  feces  were  collected  on the  day  of treatment  andibyostrongylus douglassii
ibyostrongylus dentatus
nthelmintic  resistance
strich
lbendazole
oxidectin
after 13  days  of  an oral  dose  of  albendazole  (6  mg/kg),  or an  injected  dose  (0.2  mg/kg)  of
ivermectin or  moxidectin.  The  fecal  egg count reduction  test and  coprocultures  were  per-
formed to determine  possible  resistance  against  the  drugs  used.  An  efﬁcacy  of 60% was
found for  ivermectin,  while  albendazole  and  moxidectin  were  100%  effective.  Both  worm
o  have  
vermectin
species appeared  t
. Introduction
Libyostrongylus dougassii and L. dentatus are
aematophagous parasites located in the proventricu-
us and ventriculus of ostriches (Ederli et al., 2008a,
008b). These helminths are widely distributed in Brazil
Andrade et al., 2011a). Parasitism by L. douglassii may
ause anemia, weight loss, anorexia, proventriculitis,
illing young ostriches (Reinecke, 1983) and occasionally
dults (Reinecke, 1983; Bastianello et al., 2005; Santos
t  al., 2010). Heterophilic inﬂammatory inﬁltration near
ematodes has also been associated with mixed infections
f  L. douglassii and L. dentatus (Andrade et al., 2011b).
Libyostrongylus control is curative or preventive similar
o  that of other nematodes of production animals (Santos
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Open access under the Elsevier OA license.reduced  sensitivity  to ivermectin.
© 2012 Elsevier B.V. 
et al., 2010). Anthelmintics have been widely used in live-
stock  for the control of parasites. Because of heavy reliance
on  these drugs and their widespread use anthelmintic
resistant parasites emerged as a major problem (Coles,
2005). This phenomenon was  ﬁrst reported by Malan
et  al. (1988) in South African ostriches that received lev-
amisole at 30 mg/kg to control Libyostrongylus infection;
since then, no other report was  published on this subject.
However, anthelmintic resistance may  be common among
Libyostrongylus but has not been well documented.
Management practices in Brazil, from 17 farms located
in  9 states, revealed that the majority of anthelmintic
management schemes are based on the annual treatment
with ivermectin (Andrade et al., 2011a). Fenbendazole and
albendazole use was also reported but anthelmintics were
Open access under the Elsevier OA license.not  rotated on any of the examined farms (Andrade et al.,
2011a).  The objective of the present study was to evalu-
ate  the efﬁcacy of ivermectin, albendazole and moxidectin
against Libyostrongylus in ostriches raised on a farm in the
ry Parasitology 189 (2012) 387– 389
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state of Minas Gerais, Brazil with a history of ivermectin
use.
2. Materials and methods
The study was performed in an ostrich farm located
in the municipal district of Guarani in the state of Minas
Gerais. The production of ostriches on the farm began in
2004 and since then, ivermectin has been used twice a
year for the control of parasites. The anthelmintic test used
16 adult ostriches for each drug evaluated. The birds were
treated with an oral dose of albendazole (6 mg/kg) and an
injectable dose (0.2 mg/kg) of ivermectin or moxidectin.
The dosages for ivermectin and moxidectin were based on
the literature that reports the use of these compounds to
ostriches (Pennycott and Patterson, 2001; Bastianello et al.,
2005). These doses were the same as recommended by the
manufacturer to other livestock animals. Although alben-
dazole has not been used in ostriches, the rationale of the
authors of the articles cited above was followed, and the
recommended manufacturer dosage for the same types
of animals was adopted. The brand names of these drugs
and the company that manufactures them were as follow:
albendazole, “Ricobendazole oral”, manufactured by “Ouro
Fino”; ivermectin, “Ivomec injetavel 50 ML  – Ivermectina
Merial 1%”,  manufactured by “Merial Brasil”; moxidectin,
“Cydectin NF 500 ML  – Fort Dodge – Moxidectina 1%”,  manu-
factured by “Fort Dodge”. All birds used were infected with
both Libyostrongylus species.
The feces were collected from each ostrich, on the day
of treatment and after 13 days, with the aid of a dispos-
able plastic bag immediately after defecation, avoiding the
part that contacted the soil or the vegetation (Andrade
et al., 2011a).  Two grams of feces were used for quanti-
fying the number of eggs per gram (EPG), according to the
modiﬁed technique of Gordon and Whitlock (1939).  This
technique uses the Mac  Master chamber that detects above
50 EPG. The efﬁcacy of the drugs was calculated as E = 100
[1 − (Xt/Xc)]; Xt and Xc are the arithmetic mean of EPG
before (c) and after (t) 13 days of anthelmintic treatment
for each group (Coles et al., 1992). The anthelmintic resis-
tance was conﬁrmed if the % of the fecal egg count reduction
was <95% (Coles et al., 1992). Fecal cultures were performed
in samples positive for eggs after treatment, the infective
larvae were identiﬁed as before (Ederli et al., 2008b)  and a
mean of all the animals calculated.
3. Results and discussion
The efﬁcacy of the anthelmintics varied. Ivermectin had
an efﬁcacy of 60%, while albendazole and moxidectin of
100% (Table 1). The farm studied here used ivermectin
twice a year for 7 years without rotation of the drug, clearly
indicating that this period was sufﬁcient to select resistant
individuals in the helminth population. Ivermectin is one
of the most widely drugs used in ostrich breeding in Brazil
(Andrade et al., 2011a).  This is probably due to the low cost
and lack of guidance in anthelmintic management.
Although, ivermectin and moxidectin belong to the
same class and share the same mode of action, the phar-
macokinetic proﬁles of these drugs are signiﬁcantly distinct Ta
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nd these differences may  have important implications for
he development of resistance (Sangster, 1999). This prob-
bly explains the differences in efﬁcacy observed here.
Infective larvae of L. dentatus (56.7%) and L. douglassii
43.3%) were recovered on the coprocultures from ostriches
reated with ivermectin. This result indicates that both
ibyostrongylus species have acquired resistance to iver-
ectin showing that the prolonged use of the same drug
as selected resistant individuals. This also suggests that
oth species behave very similarly.
Despite the results found here, ivermectin was  effec-
ive against L. douglassii in ostriches in Scotland (Pennycott
nd Patterson, 2001). Moreover, fenbendazole alone or
ombined with resorantel (Fockema et al., 1985; Malan
t al., 1988) and moxidectin has also been effective against
ibyostrongylus (Bastianello et al., 2005). The efﬁcacy of
hese drugs indicates that they are adequate to control
ibyostrongylus. However, further work needs to be done
o better understand the efﬁcacy of the available drugs
gainst nematodes of ostriches. Furthermore, there are no
ata from ofﬁcial bodies such as the FDA (USA) or ANVISA
Brazil) approving the use of any anthelmintic compound
or ostriches although the subject has been discussed in the
SA (Bren, 2002).
The fecal egg count reduction test is one of the
ost important methods to detect anthelmintic resistance
ecause it can be used for all drug groups and is inexpensive
s compared to other in vivo test such as the “controlled
est”. Although we have performed this classic test for
etection of anthelmintic resistance and it clear indicates
esistance in the case of ivermectin, care must be taken in
he interpretation of data generated by this test because it
as not been completely validated for ostriches.
Since the production of ostrich has spread in sev-
ral countries the use of anthelmintic for control of
ematode parasites is a fact. However, it is necessary to
etter understand the metabolism and pharmacokinet-
cs of anthelmintics in ostriches. Further studies in other
roperties should be performed to better understand the
ensitivity of Libyostrongylus to anthelmintics. Moreover,
roducers need to be aware of the correct anthelmintic
anagement and the consequences of not following it
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